Summary &horbar; The fertility (positive ultrasound scanning 60-75 days after insemination) of ram spermatozoa frozen in Tris-or zwitterion/glucoselegg yolk/glycerol-based diluents was examined during the natural breeding season (autumn). In Experiment 1 Tris-citrate, high glucose and Hepes-NaOH diluents were used and ewes (n= 266) were inseminated (induced oestrus) with 20 (uterus) or 180 (cervix) million motile spermatozoa. There was no difference in fertility (range: 10.9-71.1 %) between diluents, despite the superior post-thawing motility and progressive velocity of spermatozoa in Hepes-NaOH compared with the other diluents (P < 0.001 ). In Experiment 2, there was no difference in fertility (range: 4.1-50.0%) between Tris-citrate and Hepes-NaOH diluents after insemination (induced oestrus) of ewes (n = 290) with 10 (uterus) or 100 (cervix) million motile spermatozoa, respectively. In Experiment 3 Tris-citrate, Hepes-NaOH and Pipes-NaOH diluents were used and ewes (n = 492) were inseminated (natural oestrus) with 8 or 24 (uterus), or 80 or 240 (cervix) million motile spermatozoa. There were no differences in fertility (range: 35.4-52.9%) between insemination doses or diluents despite the superior motility and acrosome integrity in the zwitterion compared with the Tris-citrate diluents (P < 0.001 ). In all experiments, the fertility of frozen spermatozoa was higher for intrauterine than cervical insemination (51.9 vs 22.1 %, n = 1 048; P < 0.01 It was concluded that post-thawing in vitro quality was superior and the fertility comparable after freeze-thawing spermatozoa in zwitterion compared 
INTRODUCTION
Zwitterion-buffered diluents have been developed that are superior to Tris-citratebased diluents for freezing the semen of boars , bulls Parrish and Foote, 1980; Garcia and Graham, 1989) , humans (Prins and Weidel, 1986; Weidel and Prins, 1987) and turkeys . Recently, we reported better post-thawing motility and acrosome integrity of ram spermatozoa frozen in Tes-, Hepes-and Pipes-based diluents titrated to pH 7.0 with NaOH or Tris than for those frozen in Tris-citrate diluents (Molinia et al, 1994a) . Improvements in postthawing sperm quality may enhance the sperm transport in the female tract and the eventual fertilisation.
The most unequivocal test of a diluent for freezing spermatozoa is a fertility trial (Evans, 1988) . The (Salamon and Visser, 1972) and the latter contained 236 mM Hepes titrated to pH 7.0 with 1 M NaOH and 13.5% egg yolk, which was centrifuged prior to the addition of 85 mM glucose and 6.0% glycerol (Molinia et al, 1994a (Evans and Maxwell, 1987) . In Experiments 1 and 2, the ewes were inseminated 50-60 or 59-63 h after SR, respectively, while in Experiment 3, the ewes were inseminated 8-12 h after detection of oestrus.
For cervical insemination, semen was loaded into plastic single-shot disposable pipettes using a 1 mL syringe and deposited into the cervix with the aid of a speculum and headlamp (Evans and Maxwell, 1987 Experiments 1 and 3 were thawed in dry 10 mL L test-tubes in a waterbath at 37 °C for 5 min then diluted 20-fold with Dulbecco's phosphate-buffered saline (PBS). In Experiment 1, the percentage progressive motility and progressive velocity were objectively assessed using a Hamilton Thorn Motility Analyser (HT-M2000 Version 7.2, Daintree Industries, Victoria) after 0, 3 and 6 h incubation at 37 °C as described previously (Molinia et al, 1994b) . In Experiment 3, the percentage motile spermatozoa was subjectively assessed under a coverslip on a warm stage (37 °C) using phase contrast microscopy (100 x) after 1, 2, 4 and 6 h incubation at 37 °C. (Lightfoot and Salamon, 1970) . Laparoscopic intrauterine insemination (Killeen and Caffery, 1982) and transcervical insemination procedures (Halbert et al, 1990 ) overcome this problem, as they permit deposition of frozenthawed semen closer to the site of fertilisation. However, these techniques are either relatively expensive, time-consuming and require a high level of expertise (laparoscopy) or have proved unreliable in practice (transcervical insemination). An alternative to better insemination techniques is to improve the quality of the frozen-thawed spermatozoa. A possible hypothesis is that improvements in sperm velocity, viability and motility may facilitate the passage of greater numbers of sperm through the female tract to the site of fertilisation, and that improvements in the percentage of sperm with intact acrosomes would ensure that a larger proportion of sperm that had reached this site would be able to fertilise ova successfully in vivo. The purpose of the current study was to observe whether improvements in the in vitro quality of frozenthawed spermatozoa in zwitterion-compared with Tris-citrate-based diluents would be reflected in improved fertility.
Improvements in post-thawing percentage motility and progressive velocity (tables I and III) and acrosome integrity (table III  only) were observed in zwitterion-compared with Tris-citrate-based diluents, which confirmed our previous findings (Molinia et al, 1994a) . However, no additional information was obtained from the objective assessments of post-thawing motility in Experiment 1 compared with the subjective assessments in Experiment 3 as reported previously (Molinia et al, 1994b (Eppleston et al, 1986 ).
The poor results from the cervical inseminations in this study imply that the in vitro improvements in the quality of frozenthawed spermatozoa were insufficient to render a significant improvement in fertility. (Lightfoot and Salamon, 1970 (Eppleston et al, 1986) . Thus it is possible that no differences were seen between the diluents, as the ewes were inseminated in the uterus with greater than minimum doses of semen required for optimum fertility. However, in Experiment 3, there was a small but non-significant increase in fertility between zwitterion-and Tris-citrate-based diluents (52.3 vs 40.0%). It may be possible to demonstrate a significant effect between the diluents if large numbers of ewes are inseminated and if the inseminations are performed with less than minimum doses of spermatozoa, but they would then increase the risk of lower fertility.
It is concluded from this study that the post-thawing motility was superior, acrosome integrity comparable if not better, and fertility similar, after freezing spermatozoa in zwitterion than in Tris-citrate diluents. The improvements in sperm quality in the zwitterion diluents in vitro were still insufficient to improve sperm transport through the cervix. However, a small but non-significant improvement in fertility with these diluents following laparoscopic intrauterine insemination was reported in this study. A larger number of animals should be inseminated to demonstrate the possible beneficial effect of these diluents.
